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SPECIFICATION 



TRANSj^TING-RECEIVMG SHARED ANTENNADEVICE 

5 This application is the national phase under 35 U.S.C. § 371 of PCT 
International Application No. PCT/JP00/01324 which has an International 
filing date of March 6, 2000, which designated the United States of America 

fS? and was not published in English. 

i 

| 10 TEC HN ICA L FIELD 

The present invention relates to a transmitting-receiving shared 
W antenna device that is used in a portable terminal for satellite communication 

■?■* and terrestrial communication. 

ft! 

I 15 BACKGROUND ART 

Fig. 4 depicts a conventional transmitting-receiving antenna device for 
portable terminal use. In Fig. 4, reference numeral 1 denotes a four- wire 
transmitting helical antenna which provides circular polarization, and 2 a 
four-wire receiving helical antenna which also provides circular polarization. 
20 Reference numeral 3 denotes a divider for feeding to the transmitting helical 
antenna 1 ? and 4 a transmitter formed by a high output amplifier or the like 
which outputs a transmission signal. Reference numeral 5 denotes a 
combiner for combining signals received by the receiving helical antenna 2 3 
and 6 a receiver formed by a low noise amplifier or the like. 
25 A description will be given of the transmitting-receiving operation by 

the conventional transmitting-receiving antenna device. The transmission 
signal of the transmitting system is subjected to operations for the removal of 
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unwanted waves and high output amplification in the transmitter 4, thereafter 
being input to the divider 3. This transmission signal is divided by a delay 
operation of the divider 3 to four signals of phase differences 0°, 90°, 180° 
and 270°, which are input to the four-wire transmitting helical antenna 1. 
5 Now, let it be assumed that the line lengths of four feeders from four output 
ends of the divider 3 to the transmitting helical antenna 1 are the same and 
that respective antenna elements of the transmitting helical antenna 1 have the 

0 same line length. Letting the wavelength of the transmission wave be 

represented by X u the lengths of the respective antenna elements are each set 

p 10 to any one of >^/4 3 3X/4, by which the antenna elements are allowed to 
resonate at a transmitting frequency and hence transmit circularly polarized 

^ wave signals of the above-mentioned phases. And the combiner 5 in the 

CJ receiving system combines circularly polarized wave signals received by the 

four wires of the receiving helical antenna 2 with the phase differences 0°, 90°, 

*f 15 180° and 270°. Letting the wavelength of the received wave be represented 
by X 2 , ^ lengths of the respective antenna elements of the receiving helical 
antenna 2 are each set to any one of A, 2 /4, 3X 2 /4, by which the antenna 
elements are allowed to resonate at a receiving frequency and hence receive 
circularly polarized wave signals of the above-mentioned phase differences. 
20 When the transmitting and receiving frequencies are different from but 

close each other, it is possible to construct a transmitting and receiving shared 
helical antenna which has a gain in a band common to both of the 
transmission and reception. However, when the transmitting and receiving 
frequencies are apart from each other or when it is desirable to optimize the 
25 gain in transmission and reception, it is necessary to use two different helical 
antennas for transmission and reception and set the lengths of antenna 
elements of each helical antenna to physical sizes that match the transmitting 
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or receiving frequency. 

Nowadays various terrestrial cellular telecommunication systems and 
satellite-portable telephone systems using artificial satellites have been 
developed, and a dual mode or multi mode portable terminal has also been 
5 developed which is capable of communicating with plural communication 
services. The frequencies of radio waves for transmission and reception by 
portable terminals are determined for each communication system; for 
example, in the case of a portable terminal for transmission to and reception 
^| from two communication systems, it is necessary to use antennas 

|U 10 corresponding to four frequencies for transmission and reception. 
UJ As described above, in the case of the conventional antenna device for 

W portable terminal use, when the transmitting and receiving frequencies are not 

H close to each other or when the antenna gain is optimized, it is necessary to 

Ffi provide helical antennas for transmission and reception, respectively—this 

q 15 gives rise to the problem of the portable terminal becoming bulky. 

Furthermore, the portable terminal for transmission to and reception from 
plural communication systems also requires plural helical antennas for 
communication, raising the same problem that the portable terminal becomes 
inevitably bulky. 

20 The present invention is intended to solve the above-mentioned 

problems and provide a transmitting-receiving shared antenna device for 
portable terminals which is formed by a helical antenna for use in common to 
plural radio waves of different frequencies. 
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DSI C LOSURE OF TH E INVENTI ON 

A transmitting-receiving shared antenna device according to an aspect 
of the present invention comprises: a helical antenna for use in common to 
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transmission and reception; varactor diodes each provided in one of feeders to 
antenna elements of the helical antenna; and bias voltage switching means for 
switching a reverse bias voltage to be applied to the varactor diode between 
transmission and reception to switch between frequency bands of signals for 
5 transmission and reception by the helical antenna. Accordingly, it is 
possible to switch between resonance frequencies of the helical antenna for 
transmission and reception, providing enhanced frequency characteristics of 
the antenna during transmission and reception. 

The varactor diode has its cathode side connected to the antenna 

10 element side of the helical antenna, and the bias voltage switching means may 
be one that applies the reverse bias voltage via a resistor connected to the 
cathode side of the varactor diode. With this construction, the resistor 
interposed between the feeder and the voltage input terminal increases the 
impedance of the voltage input terminal side, permitting reduction of losses of 

1 5 transmission and received signals that propagate through the feeder. 

Furthermore, the varactor diode has its cathode side connected to the 
antenna element side of the helical antenna, and the bias voltage switching 
means may be one that applies the reverse bias voltage via a coil connected to 
the cathode side of the varactor diode. With this construction, the coil 

20 interposed between the feeder and the voltage input terminal allows matching 
between the voltage input terminal side and the helical antenna, permitting 
reduction of losses of transmission and received signals that propagate 
through the feeder. 

A transmitting-receiving shared antenna device according to another 

25 aspect of the present invention comprises: a four-wire helical antenna for use 
in common to transmission and reception of circularly polarized wave signals; 
a divider/combiner for generating four signals divided from a transmission 
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signal, for phasing the four divided signal apart by a first delay line, and for 
combining received signals from the helical antenna via a second delay line; 
varactor diodes each provided between the helical antenna and the 
divider/combiner; and bias voltage switching means for switching a reverse 
5 bias voltage to be applied to the varactor diode between transmission and 
reception to switch between frequency bands of signals for transmission and 
reception by the helical antenna. Accordingly, for the helical antenna that is 
used in common to transmission and reception of circularly polarized wave 
signals, too, it is possible to switch the resonance frequencies between 
10 transmission and reception, providing enhanced frequency characteristics of 
the antenna during transmission and reception. 

A transmitting-receiving shared antenna device according to another 
aspect of the present invention comprises: a four-wire helical antenna for use 
in common to transmission and reception of circularly polarized wave signals; 
111 15 a divider/combiner for generating four signals divided from a transmission 
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M signal, for phasing the four divided signal apart by a delay line, and for 

combining received signals from the helical antenna via the delay line; four 
varactor diodes each provided between one of antenna elements of the helical 
antenna and the divider/combiner; and bias voltage switching means for 

20 switching a reverse bias voltage to be applied to the varactor diode between 
transmission and reception to switch between frequency bands of signals for 
transmission and reception by the helical antenna. Accordingly, for the 
helical antenna that is used in common to transmission and reception of 
circularly polarized wave signals, too, it is possible to switch the resonance 

25 frequencies between transmission and reception, providing enhanced 
frequency characteristics of the antenna during transmission and reception. 

A transmitting-receiving shared antenna device according to still 
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another aspect of the present invention comprises: a helical antenna for use in 
common to transmission and reception; varactor diodes each provided 
between one of feeders to antenna elements of the helical antenna and a 
grounding point; and bias voltage switching means for switching a reverse 
5 bias voltage to be applied to the varactor diode between transmission and 
reception to switch between frequency bands of signals for transmission and 
reception by the helical antenna. Accordingly, it is possible to switch 
between resonance frequencies of the antenna for transmission and reception 
by matching between the varactor diodes and the helical antenna, providing 
10 enhanced frequency characteristics of the antenna during transmission and 
reception. 



BRIEF DESCRIPTION OF THE D R AWINGS 
ilj Fig. 1 is a block diagram illustrating the configuration of the 

£5 15 transmitting-receiving shared antenna device according to the present 
invention (Embodiment 1). 

Fig. 2 is a block diagram illustrating the configuration of the 
transmitting-receiving shared antenna device according to the present 
invention (Embodiment 2). 
20 Fig. 3 is a block diagram illustrating the configuration of the 

transmitting-receiving shared antenna device according to the present 
invention (Embodiment 3). 

Fig. 4 is a block diagram showing the configuration of a conventional 
antenna device. 
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BEST MOPE FOR C ARRYING OU T T HE INVENTION 
EMBODIMENT 1 
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Fig. 1 is a block diagram depicting the configuration of the 
transmitting-receiving shared antenna device according to Embodiment 1 of 
the present invention. Reference numeral 7 denotes a helical antenna shared 
between transmission and reception, and 8 a varactor diode set on each feeder 
5 to the helical antenna 7. The varactor diode 8 is set for each antenna element 
of the helical antenna 7 and is series-connected with its cathode on the side of 
the antenna element. Reference numeral 9 denotes a first voltage input 
terminal, 10 a second voltage input terminal, and 11a switch for switching 
between the voltage input terminals 9 and 10. Reference numeral 12 denotes 

10 a resistor connected to the cathode side of the varactor diode 8, the resistor 
being connected at the other end to the switch 11. Reference numeral 14 
denotes a divider/combiner for feeding to the helical antenna 7, 15 a circulator, 
16 a transmitter formed by a high output amplifier or the like, and 17 a 
receiver formed by a low noise amplifier or the like. 

15 A transmission signal is subjected to the removal of unwanted waves 

and high output amplification, and input to the divider/combiner 14 via the 
circulator 15. The circulator 15 prevents the transmission signal from 
sneaking in the receiver 17. The transmission signal is divided by the 
divider/combiner 14 to a required of feeding signals according to the number 

20 of antenna elements of the helical antenna 7, and they are fed via feeders to 
the helical antenna 7. Fig. 1 shows the case where the transmission signal is 
divided to four signals. On the other hand, received signal from the helical 
antenna 7 are combined by the divider/combiner 14, then the combined signal 
is provided via the circulator 15 to the receiver 17, wherein it is subjected to 

25 low noise amplification or the like, and the amplified signal is input to a 
signal processing part or the like not shown. The circulator 15 prevents the 
received signal from sneaking in the transmitter 16. 
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The transmission signals divided by the divider/combiner 14 are fed 
via the varactor diodes 8 to the respective antenna elements of the helical 
antenna 7. Across the anode and cathode of each varactor diode 8 is applied 
a reverse bias voltage from the voltage input terminal 9 or 10 via the switch 
5 11. The condenser capacitance of the varactor diode 8 varies with the value 
of this reverse bias voltage. The resonance frequency of the helical antenna 
7 is dependent on the condenser capacitance of the varactor diode 8 and the 
electrical length of each antenna element of the helical antenna 7, and 
accordingly, the resonance frequency varies as the condenser capacitance 

10 varies. By setting different voltages to be applied from the voltage input 
terminals 9 and 10 and switching between them by the switch 11, it is possible 
to construct an antenna that resonates to different frequencies for transmission 
and reception. The switch 11 is so actuated, for example, as to apply 
therethrough a reverse bias voltage from the voltage input terminal 9 to the 

15 varactor diode 8 during a transmission gate period and a reverse bias voltage 
from the voltage input terminal 10 to the varactor diode 8 during a receiving 
gate period. At the time of reception, too, the resonance frequency for 
reception by the antenna is dependent on the reverse bias voltage applied 
across the anode and cathode of the varactor diode 8 from the voltage input 

20 terminal 10 as in the case of transmission. The signals received by the 
helical antenna 7 are combined by the divider/combiner 14, thereafter being 
input via the circulator 15 to the receiver 17. 

In this example, the resistor 12 is used to supply the reverse bias 
voltage to the varactor diode 8 and provide impedance sufficiently higher than 

25 that of the transmission line to reduce signal losses. The resistor 13 is used 
to ground the anode side of the varactor diode 8 to provide a potential 
difference between its anode and cathode and provide impedance sufficiently 
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higher than that of the transmission line to reduce signal losses. 

While in Fig. 1 the resistors 12 and 13 are used in the voltage supply 
circuit for applying the reverse bias voltage to the varactor diode 8, they may 
be replaced with coils. With the use of coils, it is possible to provide 

5 matching between the voltage supply circuit for the bias application and the 
anode grounding circuit and each antenna element of the helical antenna, 
permitting enhancement of the antenna radiation efficiency. The voltage 
supply circuit mentioned herein is a circuit composed of the voltage input 
terminals 9 and 10, the switch 11 and the resistor 12, and the anode grounding 

1 0 circuit is a circuit formed by the resistor 1 3 . 

Incidentally, Fig. 1 shows the case in which the helical antenna 7 is 
four-wire one, and even if this helical antenna 7 is a two-wire one, this 
embodiment can similarly be constructed by the above-described circuitry. 
The use of the two-wire helical antenna decreases the number of antenna 

15 elements, and hence decreases the number of varactor diodes 8 connected to 
the antenna elements, permitting miniaturization of the antenna device. 

EMBODIMENT 2 

Fig. 2 is a block diagram illustrating the configuration of a 

20 transmitting-receiving shared antenna device according to Embodiment 2 of 
the present invention. In Fig. 2, reference numeral 18 a divider/combiner 
containing built-in delay circuits, which is shown to have a delay circuit for 
producing signals of phases 0°, 90°, 180° and 270°. The other circuits 
identified by the same reference numerals as those in Fig. 1 are the same or 

25 corresponding circuits or parts in Embodiment 1 of Fig. 1 . 

This embodiment is characterized in that, as described above, the 
transmission signal to be fed to the helical antenna 7 is divided by the 
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divider/combiner 18 to four signals of the phase differences 0°, 90°, 180° and 
270° to generate circularly polarized waves. And this embodiment is further 
characterized in that the received signals are combined by the 
divider/combiner 18 provided with the delay circuits that provides the above- 
5 mentioned phase differences. In the case of using different frequencies for 
transmission and reception, when the divider/combiner 18 has circuits which 
provide such phase differences, for example, when the delay circuits are 
provided according to the frequencies for transmission, the signals to be 
combined do not become in-phase because their frequencies differ from those 
10 for transmission-this causes a phase error in the received signal. 

In the helical antenna device of the type transmitting and receiving 
circularly polarized wave signal, the phase error in the transmission and 
reception due to the delay circuits could be reduced by separately providing in 
the divider/combiner 18 delay lines for the passage therethrough of the 
15 transmission signal and delay lines for the passage therethrough of the 
received signal. Such a configuration inevitably makes bulky the delay 
circuit in the divider/combiner 18, but solves the problem of phase error. 

Further, in the case of sharing the delay lines for the passage of the 
transmission and received signals with a view to preventing the delay circuit 
20 in the divider/combiner 18 from becoming bulky, the phase error between the 
transmission and received signals can be reduced by applying a different 
reverse bias voltage to the varactor diode 8 for each antenna element. The 
delay circuit in the divider/combiner 18 is shared between the transmission 
and reception, and is formed by delay lines which provide phase differences 
25 0°, 90°, 180° and 270° for either one of the transmission and received signals, 
for example, for the transmission signal. Accordingly, when the received 
signals combined using these delay lines are not in phase because the 
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frequencies of the transmission and received signals differ. To correct the 
phase shift, the reverse bias voltages to be applied to the four varactor diodes 
corresponding to the antenna elements of the helical antenna 7 are set to 
different values and the condenser capacitances of the four varactor diodes 8 
5 are chosen different. In the above example, since the delay circuit is 
provided so that the four phase differences are 0°, 90°, 180° and 270° during 
transmission, the reverse bias voltage during transmission, for example, the 
values at the voltage input terminals 9 are set to the same value for the four 
3 varactor diodes 8. During reception the values at the four voltage input 

10 terminals 10 to be applied to the four varactor diodes are set to different 
values. 

When the condenser capacitances of the varactor diodes are set to 
different values for the respective antenna elements of the helical antenna 8, 
the resonance frequency somewhat shifts. This embodiment makes the shift 
15 of the resonance frequency smaller than in the case of transmitting and 
receiving signals of different frequencies without changing the condenser 
capacitances of the varactor diodes 8. 
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EMBODIMENT 3 

20 Fig. 3 is a block diagram illustrating the configuration of a 

transmitting-receiving shared antenna according to Embodiment 3 of the 
present invention. In Fig. 3, reference numeral 19 denotes capacitive 
elements each connected in series to the feeder to the helical antenna 7. 
Reference numeral 20 denotes varactor diodes each connected to the feeder 

25 and the grounding point. The other circuits identified by the same reference 
numerals as those in Fig. 1 are the circuits or parts identical with or 
corresponding to those in Embodiment 1 of Fig. 1. 
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Across the cathode and anode of the varactor diode 20 is applied the 
reverse bias voltage from either of the voltage input terminals 9 and 10 via the 
switch 1 1 . The condenser capacitance of the varactor diode 20 varies with 
the reverse bias voltage, and by matching between the condenser capacitance 
and each antenna element of the helical antenna 7, the resonance frequency of 
the antenna changes, making it possible to change the transmitting frequency 
or receiving frequency. 
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CLAIM 

1 . A transmitting-receiving shared antenna device, comprising: 

a helical antenna for use in common to transmission and reception; 
5 varactor diodes each provided in one of feeders to antenna elements of 

the helical antenna; and 

bias voltage switching means for switching a reverse bias voltage to 
be applied to the varactor diode between transmission and reception to switch 
between frequency bands of signals for transmission and reception by said 

10 helical antenna. 

2. The transmitting-receiving shared antenna device according to claim 1, 
wherein said each varactor diode has its cathode side connected to the antenna 
element side of said helical antenna, and said bias voltage switching means 
applies the reverse bias voltage via a resistor connected to the cathode side of 

1 5 said varactor diode . 

3 . The transmitting-receiving shared antenna device according to claim 1 , 
wherein said each varactor diode has its cathode side connected to the antenna 
element side of said helical antenna, and said bias voltage switching means 
applies the reverse bias voltage via a coil connected to the cathode side of said 

20 each varactor diode. 

4. A transmitting-receiving shared antenna device, comprising: 

a four-wire helical antenna for use in common to transmission and 
reception of circularly polarized wave signals; 

a divider/combiner for generating four signals divided from a 
25 transmission signal, for phasing said four divided signals apart by a first delay 
line, and for combining received signals from said helical antenna via a 
second delay line; 
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varactor diodes each provided between said helical antenna and said 
divider/combiner; and 

bias voltage switching means for switching a reverse bias voltage to 
be applied to the varactor diode between transmission and reception to switch 
5 between frequency bands of signals for transmission and reception by said 
helical antenna. 

5. A transmitting-receiving shared antenna device, comprising: 

a four-wire helical antenna for use in common to transmission aad 
reception of circularly polarized wave signals; 
10 a divider/combiner for generating four signals divided from a 

transmission signal, for phasing said four divided signals apart by a delay line, 
and for combining received signals from said helical antenna via said delay 
line; 

four varactor diodes each provided between one of antenna elements 
15 of said helical antenna and said divider/combiner; and 

bias voltage switching means for switching a reverse bias voltage to 
be applied to said each varactor diode between transmission and reception to 
switch between frequency bands of signals for transmission and reception by 
said helical antenna. 
20 6. A transmitting-receiving shared antenna device, comprising: 

a helical antenna for use in common to transmission and reception; 
varactor diodes each provided between one of feeders to antenna 
elements of the helical antenna and a grounding point; and 

bias voltage switching means for switching a reverse bias voltage to 
25 be applied to the varactor diode between transmission and reception to switch 
between frequency bands of signals for transmission and reception by said 
helical antenna. 
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name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

"TRANSMITTING-REXIIEIVING SHARED MTIENNA 
DEVICE" 

the specification of which 
□ is attached hereto. 

H was filed on March 6, 2000 



as United States Application Number or 
PCT International Application Number 
PCT/JP00/01324 and was amended on 
(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 



Page 1 of _3 



Japanese Language Declaration 

(B*!§M#) 



mt, #B»«»35«119* (a) - (d) SXtt365* (b) fflt: 
5#*lFtt;*j*tt365 (a) ffllcS-^< ESIRflJJi, Xttj*B"C«!># 

Prior Foreign Application(s) 



(Number) 



(Country) 
(B«) 



(Number) 



(Country) 



I hereby claim foreign priority under Title 35 t United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application^) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



□ 
Yes 

□ 
Yes 
Bp 



□ 
No 

□ 

No 



ft(±, *3531*att»119* Ce) Slc£-3PTTK0#H»fF 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 19(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 
(ftiJBB) 



fete, TE£>*B««3£35»120*i;:a-^ ^TiS©*B 
365^ (c) lz.mrJ<mffliZCiz$mL£+ 0 

mm s tittft mx^nt & *b»w s *it v 
\ \z.^\ ^x mmim&ib *mm lx p * 1% 



*}ffr 



(Application No.) 

(ffiJKS-^) 



(Filing Date) 



(Application No.) 



(Filing Date) 

(ia«B) 
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(Application No.) 

(Hia##) 



(Filing Date) 
(ffiUBB) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application®, or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 

mm : wifw^rs, mmm) 

(Status: Patented, Pending, Abandoned) 

mu : »ff»pr«, tm&) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Japanese Language Declaration 

(0$fgg1f|f) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 




022850 



0 ffigS8£iSt&5fc ■ ffii.&tFlEiSS-^-) Direct Telephone Calls to: (name and telephone number) 

l ti (703)413-3000 





0{yu\\ name of sole or first joint inventor 

Hiroshi KAJIKAWA 




Inventor's signature Date 
)fU#?€v jfaoeX**^ October 15, 2001 


&m 


Residence ^ \f 
Tokyo, Japan J\ 


mm ~ 


Citizenship 

Japanese 




Post Office Address 
c/o MITSUBISHI DENKI KABUSHIKI KAISHA, 




2-3, Marunouchi 2-chorae, Chiyoda-ku, 
Tokyo 100-8310 Japan 




Full name of second joint inventor, if any 




Second joint Inventor's signature Date 




Residence 


mm 


Citizenship 




Post Office Address 







(SHJUff *T feR1i{cl5® f^ST^ £ t ) (Supply similar information and signature for third and subsequent 

joint inventors.) 



Page 3 of _A_ 

1/01 



